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Abstract
The Illinois River and tributaries, Flint Creek and the Baron Fork, are designated scenic rivers in Oklahoma. Recent phosphorus increases in streams in the basin have resulted in the growth of excess algae, which have limited the aesthetic benefits of water bodies in the basin, especially the Illinois River and Lake Tenkiller. The Oklahoma Water Resources Board has established a standard for total phosphorus not to exceed the 30-day geometric mean concentration of 0.037 milligram per liter in Oklahoma Scenic Rivers. Data from water-quality samples from 1997 to 2001 were used to summarize phosphorus concentrations and estimate phosphorus loads, yields, and flowweighted concentrations in the Illinois River basin.
Phosphorus concentrations in the Illinois River basin generally were significantly greater in runoff-event samples than in base-flow samples. Phosphorus concentrations generally decreased with increasing base flow, from dilution, and increased with runoff, possibly because of phosphorus resuspension, stream bank erosion, and the addition of phosphorus from nonpoint sources.
Estimated mean annual phosphorus loads were greater at the Illinois River stations than at Flint Creek and the Baron Fork. Loads appeared to generally increase with time during 1997-2001 at all stations, but this increase might be partly attributable to the beginning of runoff-event sampling in the basin in July 1999. Base-flow loads at stations on the Illinois River were about 10 times greater than those on the Baron Fork and 5 times greater than those on Flint Creek. Runoff components of the annual total phosphorus load ranged from 58.7 to 96.8 percent from 1997-2001. Base-flow and runoff loads were generally greatest in spring (March through May) or summer (June through August), and were least in fall (September through November).
Total yields of phosphorus ranged from 107 to 797 pounds per year per square mile. Greatest yields were at Flint Creek near Kansas (365 to 797 pounds per year per square mile) and the least yields were at Baron Fork at Eldon (107 to 440 pounds per year per square mile).
Estimated mean flow-weighted concentrations were more than 10 times greater than the median and were consistently greater than the 75th percentile of flow-weighted phosphorus concentrations in samples collected at relatively undeveloped basins of the United States (0.022 milligram per liter and 0.037 milligram per liter, respectively). In addition, flow-weighted phosphorus concentrations in 1999-2001 at all Illinois River stations and at Flint Creek near Kansas were equal to or greater than the 75th percentile of all National Water-Quality Assessment program stations in the United States (0.29 milligram per liter).
The annual average phosphorus load entering Lake Tenkiller was about 577,000 pounds per year, and more than 86 percent of the load was transported to the lake by runoff.
Introduction
The Oklahoma Scenic Rivers Act of 1969 designated the Illinois River in northeastern Oklahoma ( fig. 1 ) a 'Scenic River' to protect water quality and preserve fish, wildlife, and outdoor recreational values for the benefit of the people of Oklahoma and visitors to the state. The Oklahoma Scenic Rivers Commission (OSRC) was created in 1977 to enforce the stipulations of this Act. A 1981 supplement to the Oklahoma Scenic Rivers Act designated Flint Creek and Baron Fork, two Illinois River tributaries, as scenic rivers (Oklahoma Statutes, Title O.S. Supp. 1981 , Sec. 1451 .
Streams in the Illinois River basin are used for primary body contact recreation (in which there is a possibility of human ingestion of water) and fisheries. Water from these streams also is used for public and private water supply and non-irrigation agriculture (Oklahoma Water Resources Board, 2000) . About 350,000 tourists spend an estimated $9 million per year in the basin (Linda Loucks, Oklahoma Water Resources Board, written commun., 2001) . The Illinois River flows into Tenkiller Ferry Lake (referred to as Lake Tenkiller). An estimated $16.5 million is generated annually by about 1,500,000 visitors per year to the area around this lake (John Marnell, U.S. Army Corps of Engineers, written commun., 2001) .
Phosphorus can enter streams in discharges from wastewater-treatment plants (point-source components) and in agricultural and urban runoff (nonpoint-source components) (Okla-homa Water Resources Board, 2002b) . Streams in the Illinois River basin are susceptible to potentially large concentrations of phosphorus from both types of sources. Total phosphorus (referred to as phosphorus) is the concentration of dissolved phosphorus and particulate phosphorus in the sample. Elevated phosphorus concentrations may promote algae growth in streams (Sharpley, 1995) , and are associated with accelerated eutrophication of lakes (Daniel and others, 1998) . Recent phosphorus increases in streams in the basin have resulted in the growth of excess algae, which have reduced the aesthetic benefits of water bodies in the basin, especially the Illinois River and Lake Tenkiller (Oklahoma Water Resources Board, 2002a). The recreation-based economy of the area relies on maintenance of aesthetically pleasing water quality in the Illinois River basin.
The 1998 Federal Clean Water Action Plan directs the states, in conjunction with the U.S. Environmental Protection Agency (USEPA), to develop numeric criteria for nutrients, including phosphorus. Oklahoma Water Resources Board (OWRB) has established a standard, which will be fully implemented by the year 2012, for total phosphorus concentration not to exceed the 30-day geometric mean concentration of 0.037 milligram per liter (mg/L) in Oklahoma Scenic Rivers. That standard is based on the 75th percentile of flow-weighted total phosphorus concentrations from streams draining 85 relatively undeveloped basins from across the United States (referred to as relatively undeveloped basins of the United States) selected from three programs of the USGS -the Hydrologic Benchmark Network, the National Water-Quality Assessment program (NAWQA), and the Research Program (Clark and others, 2000) .
The NAWQA program, initiated by the USGS in 1991, is a primary source for long-term, nationwide information on the quality of streams, ground water, and aquatic ecosystems. The information gathered through the program supports national, regional, state, and local decision making and policy formation for water-quality management (Gilliom and others, 2001 ). Long-term goals of the program are to describe the status and trends in the quality of the Nation's surface-and ground-water resources and determine the natural and anthropogenic factors affecting water quality (Gilliom and others, 1995) .
Historical water-quality data collection in the Illinois River basin has been biased towards sampling during base-flow (non-runoff) conditions. Because of insufficient historic sampling during runoff events, calculations using historic data may have underestimated true phosphorus concentrations, loads, and yields. In July 1999, the U.S. Geological Survey (USGS), in cooperation with the OSRC and the OWRB, supplemented fixed period, bimonthly water-quality sampling with six runoffevent samplings per year to better determine water quality over the range of streamflows in the basin.
Purpose and Scope
The purpose of this report is to summarize phosphorus concentrations and provide estimates of phosphorus loads, yields, and flow-weighted concentrations in the Illinois River and tributaries, Flint Creek and the Baron Fork, from January 1997 through December 2001. Phosphorus concentrations are compared among stations in the Illinois River basin, to those measured at relatively undeveloped basins of the United States, and to those measured at all USGS NAWQA program stations. Phosphorus loads are computed using LOADEST2, a program to compute mean constituent loads in rivers using the ratingcurve method. LOADEST2 uses instantaneous phosphorus concentrations and mean daily streamflows to estimate annual and seasonal (spring, summer, fall, and winter) average phosphorus loads for the study period (Crawford, 1999) . This report comprises a preliminary analysis of data collected for a multiyear monitoring program.
Study Area Description
The Illinois River basin is about equally divided between northeastern Oklahoma and northwestern Arkansas ( fig. 1 ). The basin is in the southwestern portion of the Ozark Plateaus physiographic province (Fenneman, 1938) , and is underlain by the cherty limestone of the Springfield Plateau aquifer (Adamski and others, 1995; Renken, 1998) .
The basin is dominated by about equal proportions of agricultural and forested land uses and is interspersed with minor amounts of industrial, mining, and urban land uses ( fig. 2 ). Livestock production is the primary form of agriculture in the basin. About 48 percent of agricultural land use in the basin is pasture for cattle and horses. Numerous large-scale poultry and swine production facilities are in the basin and poultry and swine manures are used to fertilize pastures (Sims and Wolf, 1994) . There also are several municipal wastewater-treatment plants that discharge phosphorus-containing wastewater to the river or tributaries (Oklahoma Water Resources Board, 2002b;  figs. 1 and 2).
Streams in the Illinois River basin are susceptible to potentially large concentrations of phosphorus from point sources (such as wastewater-treatment plants) and nonpoint sources (such as runoff from fertilized pastures). Phosphorus concentrations in Ozark streams typically are greater in streams draining agricultural lands than in those draining forested lands others, 1998, 1999) , because runoff from pastures fertilized with animal manure probably are substantial sources of phosphorus to the rivers in this basin (Arkansas Department of Environmental Quality, 2000) . Streams receiving municipal wastewater from treatment plants can have phosphorus concentrations substantially greater than those in streams draining agricultural areas others, 1998, 1999) . The Illinois River and Flint Creek ( fig. 2 ) receive discharges from wastewater treatment plants, whereas the Baron Fork does not.
Streamflow in the Illinois River Basin
Streamflow in the Illinois River basin was highly variable and generally increased with basin drainage area ( 3). The maximum mean daily streamflow during the study period occurred in June 2000 and the minimum mean daily streamflow during the study period occurred in September 1998 at all stations (table 1, fig. 3 ). Greatest mean monthly streamflows occurred from January through June and least mean monthly streamflows occurred from mid-summer through October at all of the stations (Blazs and others, 1998 (Blazs and others, , 1999 (Blazs and others, , 2000 (Blazs and others, , 2001 (Blazs and others, , 2002 (Blazs and others, , 2003 . Continuous streamflow was not measured at the Illinois River near Chewey, so estimated mean daily streamflows for that station were computed by adding streamflow from Illinois River near Watts to streamflow from Flint Creek near Kansas (table 1, Appendix 1).
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Methods
The USGS collects water-quality data and operates several continuous streamflow gaging stations and ungaged stations in the Illinois River basin in Oklahoma. Four continuous streamflow gaging stations were selected for use in this report: Illinois River near Watts, Flint Creek near Kansas, Illinois River near Tahlequah, and Baron Fork at Eldon (table 1, fig. 1 ). The Illinois River at Chewey is an ungaged station at which streamflow is only measured when water-quality samples are collected (table 1, fig. 1 ). Stream gages were operated and streamflows were measured according to methods described in Rantz and others (1982) . Prior to July 1999, bimonthly water-quality samples were collected at these stations. Starting in July 1999, six additional water-quality samples were collected annually during runoff events at these stations ( fig. 3 ). Representative waterquality samples were collected using equal-width increment methods (Edwards and Glysson, 1999) .
The USGS National Water-Quality Laboratory in Lakewood, Colorado, analyzed the water-quality samples for total phosphorus using methods described in Patton and Truitt (1992) .
Streamflow data and phosphorus concentrations measured from 1997 through 2001 are analyzed in this report. All streamflow and water-quality data are available through the world wide web at http://water.usgs.gov/ok/nwis.
Streamflow was separated into base-flow and runoff components using a hydrograph separation program, Base Flow Index (BFI) (Institute of Hydrology, 1980a Hydrology, , 1980b Wahl and Wahl, 1995) (fig. 3 ). Base flow is the sustained runoff or natural flow of the stream and is largely composed of ground-water seepage (Langbein and Iseri, 1960) . Base-flow contributions were estimated by BFI using a method proposed by the Institute of Hydrology (1980a Hydrology ( , 1980b . The minimum daily mean flow was identified in consecutive 5-day increments, and minimums less than 90 percent of adjacent minimums were defined as turning points (Wahl and Wahl, 1988; Wahl and Tortorelli, 1997) . The BFI program estimated the base-flow hydrograph by drawing straight lines through successive turning points. Runoff components were calculated as the difference between total streamflow and base-flow components. Each day was designated to be either base flow or runoff. Base-flow days were defined as days when base flow was greater than or equal to 70 percent of total flow; runoff days were defined as days when runoff contributed more than 30 percent of total flow.
Water-quality data and streamflow data were divided into three 3-year periods: 1997-1999, 1998-2000, and 1999-2001 . The Mann-Whitney rank-sum test (Helsel and Hirsch, 1992) , used to compare pairs of data sets, was used to determine the statistical significance of differences between base-flow and runoff phosphorus concentrations at each station within each period. The Kruskal-Wallis test (Helsel and Hirsch, 1992, p. 159, 355) , used to compare multiple data sets at one time, was used to determine the statistical significance of differences in phosphorus concentrations between stations in the Illinois River basin. The tests were selected because neither test requires normally distributed data. The null hypotheses of both tests state that there are no differences in median concentrations between the data sets being compared. The null hypothesis was rejected and medians were described as being significantly different if the two-sided p-value of the test was less than or equal to 0.05 (Helsel and Hirsch, 1992) . If the null hypothesis of the KruskalWallis test was rejected and the medians were described as significantly different, the Tukey (Helsel and Hirsch, 1992, p. 196) multiple comparison test was applied to determine which sites were different and which were not.
Linear regression was used to evaluate relations between phosphorus concentrations and total streamflow for each of the periods. Regression methods have been developed to estimate continuous constituent loads, because water-quality data are collected intermittently. The regression method requires discrete water-quality samples and mean daily streamflow data collected over several years. Sample dates, times, instantaneous streamflows, and phosphorus concentrations used in this analysis are provided in Appendix 1 or through the world wide web at http://water.usgs.gov/ok/nwis. Constituent load (L) is the product of streamflow (Q) and the constituent concentration in the water (C) multiplied by a conversion factor for consistent units. Load is the amount of a constituent transported past a selected point in a stream in a given amount of time, usually one year. The LOADEST2 program (Crawford, 1991 (Crawford, , 1996 was used to estimate constituent loads by the rating-curve method (Cohn and others, 1989; Crawford, 1991) in the Illinois River, Flint Creek, and Baron Fork. LOADEST2 estimates rating-curve parameters and mean load using several regression methods and a ratio estimator. Because some of the constituent concentrations included in this analysis were censored (values less than the laboratory method detection limit), parameters were estimated by maximum likelihood estimation (MLE) methods (Dempster and others, 1977; Wolynetz, 1979) . In the absence of censored data, the MLE method is equivalent to ordinary least squares regression. An estimate of the uncertainty in the estimated load was obtained using the method described by Likes (1980) and Gilroy and others (1990) . LOADEST2 contains 10 rating-curve models that can test the relation between constituent load and streamflow. The model used for this report (equation 1) includes a time variable to model the relation between the natural logarithms of L and Q:
where L = constituent load, in pounds per day (lb/d); b 0 = regression constant, dimensionless; b 1 and b 2 = regression coefficients, dimensionless; Q = daily mean streamflow, in cubic feet per second (ft 3 /s); and dectime = time, in fractional years. Plots of residuals (ln(instantaneous load) -In(estimated load)) with LOWESS curves are shown in Appendix 2. The LOWESS curve is a central line that represents the moving average or middle smooth through the data (Helsel and Hirsch, 1992) . The shape of the curve indicates fluctuations in the data. The plots indicate the goodness of fit of this model, with a perfect fit indicated by the curve fluctuating around a value of zero. Data from stations on the Illinois river generally appeared to fit the model better than data from Flint Creek and Baron Fork. The goodness of fit also generally appeared to increase with time at most stations in the basin. Other LOADEST2 predefined regression models using various combinations of streamflow, time, and seasonal coefficients did not have lesser residuals than the model used for this report.
Estimated mean annual phosphorus loads and estimates of the standard deviations of the mean loads were calculated by LOADEST2 using all base-flow and runoff data. The daily load values generated by LOADEST2 were then separated into baseflow and runoff sample sets according to the number of baseflow days and the number of runoff days in each 3-year period. Mean annual base-flow loads were calculated as the mean of the base-flow sample set. Mean annual runoff loads were calculated as the mean of the runoff sample set. Seasonal base-flow and runoff loads were calculated in the same way based on the number of base-flow and runoff days in each season of each period.
Phosphorus yields for each of the three periods at each station were calculated by dividing mean annual phosphorus loads by drainage area. Flow-weighted concentrations for each of the three periods at each station were calculated by dividing mean annual phosphorus loads by mean annual streamflow.
Phosphorus Concentrations, Loads, and Yields in the Illinois River basin
Phosphorus in the Illinois River basin is described in terms of three 3-year periods (1997-1999, 1998-2000, and 1999-2001) of mean concentrations, loads, and yields in base-flow and runoff samples, and in terms of mean flow-weighted concentrations.
Concentrations
Phosphorus concentrations were significantly greater (p < 0.05) in runoff-event samples than in base-flow samples for the 1998-2000 and 1999-2001 periods at Flint Creek near Kansas, Illinois River at Chewey, Illinois River near Tahlequah, and Baron Fork at Eldon, but this difference was not significant at Illinois River near Watts (tables 2 and 3, fig. 4 ). The similarity of phosphorus concentrations during base flow and runoff at the Watts station may be caused by phosphorus cycling in Lake Frances, immediately upstream from that station. Phosphorus may precipitate with sediments to the lake bed during runoff, to be gradually released from those sediments into the water column during base flow. Phosphorus concentrations were not significantly greater in runoff-event samples than in base-flow samples for the period 1997-1999 at Illinois River near Watts, Flint Creek near Kansas, Illinois River at Chewey, and Baron Fork at Eldon. This lack of difference may be attributed to the lack of water-quality samples collected during runoff events during this period.
Phosphorus concentrations in base-flow samples during all 3-year periods significantly (p < 0.05) decreased in the downstream direction in the Illinois River from the Chewey to Tahlequah stations ( fig. 5 ), as has been reported for other pointsource affected streams in the region (Haggard, 2000; Haggard and others, 2001) . Phosphorus concentrations in base-flow samples from the Illinois River generally decreased with increasing streamflow (fig. 4) . As base flow increases by addition of ground water, dilution reduces the concentration of phosphorus from point sources such as municipal wastewater-treatment plants. The Illinois River and Flint Creek receive phosphorus concentrations from point sources. The Baron Fork receives treated wastewater from the relatively small community of Lincoln, Arkansas. Consequently, phosphorus concentrations in base-flow samples from the Baron Fork were significantly less than those in base-flow samples from the Illinois River and Flint Creek during all 3-year periods ( fig. 5) .
Phosphorus concentrations in runoff samples for all 3-year periods were not significantly different among the four stations on Flint Creek and the Illinois River, but concentrations at the Baron Fork were significantly less than at all other stations ( fig.  6 ). Phosphorus concentrations in runoff samples from the Illinois River, Flint Creek, and the Baron Fork generally increased with increasing streamflow (fig. 4) . Possible causes of larger concentrations of phosphorus during runoff events than in base flow are resuspension of phosphorus from the streambed, Table 2 . Summary statistics of phosphorus concentrations from base-flow and runoff water samples collected at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 [Min, minimum concentration; Med, median concentration; Mean, mean concentration; Max, maximum concentration; Obs, number of observations; mg/L, milligram per liter; all concentration data, including censored data, were used to calculate statistics. Censored data (concentrations less than minimum reporting limit) were entered in the statistics calculations as one-half the minimum reporting limit.]
Base Flow
Runoff
Station name (number)
Obs
Illinois River near Watts, Oklahoma Table 3 . Mann-Whitney rank-sum test (Helsel and Hirsch, 1992 ) results comparing base-flow phosphorus concentrations to runoff phosphorus concentrations from water samples collected at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 [p-values in bold indicate statistically significant (p < 0.05) differences between groups of data]
3-year period
Station name (number) 1997-1999 1998-2000 1999-2001 Illinois River near Watts (07195500) Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 
1999-2001
Figure 6. Distributions of runoff phosphorus concentrations from water samples collected at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 stream bank erosion, and the addition of phosphorus from nonpoint sources.
Estimated Annual Loads
Linear regression models developed by LOADEST2 for the estimation of phosphorus loads for all 3-year periods at each station are listed in table 4. Estimated mean annual phosphorus loads (referred to as mean annual total loads) were substantially greater at the Illinois River stations than at Flint Creek and the Baron Fork, primarily because of greater streamflow at the stations on the Illinois River (tables 1 and 5). Annual total loads in the Illinois River increased from Watts to Tahlequah, mostly because of the increase in runoff load with drainage area (table  5) . Annual total loads appeared to generally increase with time during 1997-2001 at all stations, but this increase might be partly attributable to the beginning of runoff-event sampling in the basin in July 1999.
Annual base-flow loads were least in the Baron Fork, despite a larger drainage basin and greater base flow than Flint Creek, which receives phosphorus from larger wastewater discharges ( fig. 2) . Annual base-flow loads at stations on the Illinois River were about 10 times greater than those on the Baron Fork and were about 5 times greater than those on Flint Creek. Except for the Illinois River near Watts, 1999-2001 period, annual base-flow phosphorus loads did not substantially increase in the basin from 1997-2001 (table 5) .
Annual runoff loads in the basin increased with increasing drainage area and with increasing streamflow (tables 1 and 5). The portion of annual phosphorus load contributed by runoff increased in the downstream direction in the Illinois River (Watts to Tahlequah) (table 5). Runoff components of the annual total load ranged from 58.7 to 96.8 percent from 1997 to 2001 (table 5) . At Flint Creek and Illinois River stations, the range in average runoff component was 58.7 to 87.4 percent of the annual total load with less than 41.5 percent of the days including substantial runoff (runoff component greater than 30 percent of total flow) (tables 5 and 6). Runoff components of the annual total load at the Baron Fork ranged from 86.6 to 96.8 percent (table 5) . Annual runoff loads appeared to substantially increase over the three time periods at all stations in the basin. The most significant increase occurred between the 1997-1999 period and the 1998-2000 period, which coincides with the beginning of runoff-event sampling in the basin in July 1999. Therefore, the increase may be partly caused by the beginning of runoff-event sampling in the basin. The resuspension of temporarily retained phosphorus on the streambed or banks or additions of non-point source phosphorus components in the watershed that occur during runoff seem to dominate phosphorus transport in the Illinois River basin.
Estimated Seasonal Loads
Base-flow phosphorus loads generally were least in fall (September through November) and greatest in spring (March through May) for all periods at all stations in the Illinois River basin (table 7) . Runoff phosphorus loads were least in fall for all periods at all stations. Runoff loads generally were greatest in spring for period 1997-1999, but were greatest in summer (June through August) for periods 1998-2000 and 1999-2001 . The shift in seasonal trends between the 3-year periods may be a result of the 1999 onset of sampling of runoff events. Streamflows and phosphorus concentrations from runoff events like the June 2000 peak flow (maximum streamflow event for the 1997-2001 period; table 1, fig. 3 ) may have been sufficient to shift the greatest seasonal loads from spring to summer at all stations for periods 1998-2000 and 1999-2001. 
Yields
Total yields of phosphorus ranged from 107 to 797 pounds per year per square mile (lbs/yr/mi 2 ), with greatest yields being reported for Flint Creek near Kansas (365 to 797 lbs/yr/mi 2 ) and the least yields being reported for Baron Fork at Eldon (107 to 440 lbs/yr/mi 2 ) (table 5). The greater yields in Flint Creek may be caused by the wastewater-treatment plant discharging to that stream ( fig. 2) . Base-flow yields did not substantially change over the three periods at any station except Illinois River near Watts (1999 Watts ( -2001 . Base-flow yields also decreased downstream in the Illinois River possibly because of dilution. Runoff yields more than doubled between the 1997-1999 period and the 1999-2001 period. Because yield (mean load divided by drainage area) is proportional to load, this increase might be partly attributable to the beginning of runoff-event sampling in the basin in July 1999.
Estimated Mean Flow-Weighted Concentrations
Estimated mean flow-weighted phosphorus concentrations at the stations in the basin were more than 10 times greater than the median and were consistently greater than the 75th percentile of flow-weighted phosphorus concentrations in relatively undeveloped basins of the United States 
Estimated Phosphorus Loads into Lake Tenkiller
Phosphorus loads entering Lake Tenkiller can be estimated by adding the loads of the Baron Fork and the Illinois River near Tahlequah. Phosphorus loads at these stations do not represent Table 4 . Regression models developed using total phosphorus concentrations from water samples and streamflows collected at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 [ln, natural logarithm; L, daily load in pounds per day; Q, mean daily streamflow in cubic foot per second; dectime, time factor in decimal years]
Station name (number) 3-year period
Number of observations
Number of uncensored observations 1 1 Censored observations are most often a result of an analysis value lower than the laboratory reporting limit. Table 5 . Mean annual phosphorus loads and yields estimated from phosphorus concentrations in water samples collected at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 [mi Table 6 . Number of days of base flow and runoff designated by Base-Flow Index (BFI) program at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 Spring Table 7 . Seasonal phosphorus loads estimated from phosphorus concentrations in water samples collected at water-quality stations in the Illinois River basin, Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 . Mean flow-weighted phosphorus concentrations are calculated from loads estimated by LOADEST2. Oklahoma, periods 1997 Oklahoma, periods -1999 Oklahoma, periods , 1998 Oklahoma, periods -2000 Oklahoma, periods , and 1999 Oklahoma, periods -2001 (table 9) . More than 86 percent of the annual phosphorus load was transported to Lake Tenkiller by runoff. The Illinois River transported about 13 times more of the phosphorus load during base flow and almost 5 times more of the phosphorus load during runoff to the lake than the Baron Fork (table 9) .
Regression model
Summary
The Illinois River and tributaries, Flint Creek and the Baron Fork, are designated scenic rivers in Oklahoma. Streams in the Illinois River basin are susceptible to potentially large concentrations of phosphorus from point sources and non-point sources. Recent phosphorus increases in streams in the basin have resulted in excess algae growth, which have limited the aesthetic benefits of water bodies in the basin, especially the Illinois River and Lake Tenkiller. The Oklahoma Water Resources Board has established a standard for total phosphorus not to exceed the 30-day geometric mean concentration of 0.037 milligram of phosphorus per liter in Oklahoma Scenic Rivers.
In July 1999, the U.S. Geological Survey, in cooperation with the Oklahoma Scenic Rivers Commission and the Oklahoma Water Resources Board, supplemented fixed period, bimonthly water-quality sampling with six runoff-event samplings per year to better determine water quality over the range of streamflows in the basin for 1997-2001. Phosphorus concentrations, loads, and yields were determined for three 3-year periods-1997-1999, 1998-2000, and 1999-2001. Phosphorus concentrations were significantly greater in runoff-event samples than in base-flow samples for the 1998-2000 and 1999-2001 periods at Flint Creek near Kansas, Illinois River at Chewey, Illinois River near Tahlequah, and Baron Fork at Eldon, but this difference was not significant at Illinois River near Watts. Phosphorus concentrations generally decreased with increasing base flow in the Illinois River as a result of ground-water dilution. Phosphorus concentrations during runoff events increased with increasing streamflow in all streams, possibly because of resuspension of phosphorus from the streambed, stream bank erosion, and the addition of non-point source phosphorus components.
Estimated mean annual phosphorus loads were substantially greater at the Illinois River stations than at Flint Creek and the Baron Fork, and loads appeared to generally increase with time during 1997-2001 at all stations, but this increase might be partly attributable to the beginning of runoff-event sampling in the basin in July 1999.
Base-flow phosphorus loads at stations on the Illinois River were about 10 times greater than those on the Baron Fork and 5 times greater than those on Flint Creek. Runoff phosphorus loads increased with increasing drainage area and increasing streamflow. Runoff components of the annual total phosphorus load ranged from 58.7 to 96.8 percent from 1997-2001.
Seasonal base-flow loads generally were least in fall (September through November) and were greatest in spring (March through May) for all periods at all stations in the Illinois River basin. Seasonal runoff loads were least in fall for all periods, were greatest in spring in 1997-1999, and were greatest in summer (June through August) for 1998-2000 and 1999-2001. Total yields of phosphorus ranged from 107 to 797 pounds per year per square mile. Greatest yields were at Flint Creek near Kansas (365 to 797 pounds per year per square mile) and the least yields were at Baron Fork at Eldon (107 to 440 pounds per year per square mile). Base-flow yields did not substantially change over the three periods at any station except Illinois River near Watts (1999 Watts ( -2001 . Runoff yields more than doubled between the 1997-1999 period and the 1999-2001 period at all stations, but this increase might be partly attributable to the beginning of runoff-event sampling in the basin.
Estimated mean flow-weighted concentrations were more than 10 times greater than the median and were consistently greater than the 75th percentile of flow-weighted phosphorus concentrations in samples collected at relatively undeveloped basins of the United States The annual average (1997) (1998) (1999) (2000) (2001) phosphorus load entering Lake Tenkiller was about 577,000 pounds per year. More than 86 percent of the phosphorus load was transported to the lake by runoff. Table 9 . Summary of phosphorus loads to Lake Tenkiller, Oklahoma, periods 1997 -1999 , 1998 -2000 -2001 [lb/yr, pounds per year. Mean and standard deviation of the total load are calculated by LOADEST2 and are statistics of all data in the 3-year period. Means of base-flow loads are calculated from base-flow data only; means of runoff loads are calculated from runoff data only. Differences between total load and the sum of base-flow plus runoff loads are due to rounding within LOADEST2.]
Flow type 3-year period periods 1997-1999, 1998-2000, and 1999-2001 
